Background--Apparent treatment resistant hypertension (aTRH) is highly prevalent in patients with type 2 diabetes mellitus (T2D) and entails worse cardiovascular prognosis. The impact of aTRH and long-term achievement of recommended blood pressure (BP) values on renal outcome remains largely unknown. We assessed the role of aTRH and BP on the development of chronic kidney disease in patients with T2D and hypertension in real-life clinical practice.
R esistant hypertension (RH) , that is, blood pressure (BP) above target levels despite optimal combination of at least 3 different drugs, including a diuretic, [1] [2] [3] is highly prevalent in patients at high cardiovascular risk, such as those with diabetes mellitus and chronic kidney disease (CKD). [4] [5] [6] The real prevalence of RH has been reported to vary considerably, from 10% to 40%, 3, 7 because of several confounding factors, and the term apparent treatment resistant hypertension (aTRH) should be preferred when adherence to medications or out-of-office BP are unknown. 8 ATRH has been associated with worse cardiovascular morbidity and mortality 9, 10 and faster progression of renal disease in CKD patients, 6, 11 underscoring the need for early identification and systematic evaluation and management of at-risk patients. In a recent, large, 5-year retrospective study among over 470 000 individuals from the Kaiser Permanente
These data raise the possibility that a J-curve effect for cardiovascular and renal disease is present, and perhaps even more evident, in the subgroup of patients with aTRH who are likely to be more adherent to treatment, but also show a worse risk profile.
Specific data on long-term renal outcome in aTRH are scanty, especially in real-life clinical conditions and with regard to de novo development of organ damage in high-risk subgroups. To get more insights on the relationship between the presence of aTRH, achievement and maintenance of recommended BP values, and renal outcome, we looked at the incidence of low estimated glomerular filtration rate (eGFR) over a 4-year follow-up in a large, real-life cohort of patients with hypertension and type 2 diabetes mellitus (T2D) in Italy.
Methods Study Participants
As already reported, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] in Italy, diabetes mellitus care is mostly provided by a public network of approximately 700 diabetes mellitus clinics in which a team of specialists provides diagnostic confirmation, prevention, and treatment for diabetes mellitus and its complications through close patients follow-up and regular checkups. [16] [17] [18] In the present study, we analyze a large cohort of patients with T2D followed up at 134 diabetes mellitus centers in Italy among those participating in the Italian Association of Clinical Diabetologists (Associazione Medici Diabetologi) initiative. The analysis was performed using the data set of electronic medical
From 134 clinics, 64,893 patients aged ≥18 years with type 2 diabetes mellitus evaluated annually over 4 years for arterial blood pressure and eGFR with a baseline classification of albuminuria.

29,923 from 132 clinics constitute the study population
Patients excluded according to baseline data: -14,602 with eGFR<60 mL/min/1.73 m 2 -4,642 for missing data about treatment -1,738 with eGFR<60 mL/min/1.73 m 2 in the previous measure if eGFR < 90 mL/min/1.73 m 2 -6,848 lacking a second eGFR measurement before the baseline if eGFR < 90 mL/min/1.73 m 2 -7,140 with systolic/diastolic blood pressure <140/90 mm Hg not treated for arterial hypertension 
Clinical Perspective
What Is New?
• In a large, real-life cohort study in patients with type 2 diabetes mellitus and hypertension in Italy, the presence of apparent treatment resistant hypertension entails a significantly greater risk of developing chronic kidney disease and/or a clinically relevant reduction in estimated glomerular filtration rate over a 4-year follow-up.
• The achievement and maintenance of recommended blood pressure values (ie, 75% of visits with blood pressure <140/ 90 mm Hg) are associated with a worse renal outcome in apparent treatment resistant hypertension patients.
• The relationship between achieved blood pressure and renal function seems to be J-shaped, at least at very low levels, with optimal systolic blood pressure values between 120 and 140 mm Hg.
What Are the Clinical Implications?
• There is a need for early identification and management of patients to prevent the development of apparent treatment resistant hypertension and associated increase in renal morbidity.
• Reduction of antihypertensive treatment should be considered in a small, but relevant, proportion of patients in order to improve renal outcome. records collected between January 1, 2004 and June 30, 2011 . For the purpose of the analysis, we considered only patients at least 18 years old and with a follow-up evaluation within 6 months complete for data about BP values, eGFR, albuminuria (Alb), and information on treatment.
Of 64 893 patients identified, after exclusion of 34 970 patients without a confirmed eGFR value above 60 mL/min, or medication information, or a diagnosis of hypertension (SBP <140 mm Hg and DBP <90 mm Hg and not taking antihypertensive medications at baseline), a total of 29 923 patients from 132 clinics constitute the study population ( Figure 1 ). The centers involved in the study were homogeneously distributed throughout the country.
Study Design
The analysis of the database is an attempt by the Italian Associazione Medici Diabetologi initiative to identify a set of indicators that can be used in the context of continuous quality improvement. Participating centers adopted the same software systems for everyday management of outpatients, whereas a specially developed software package allowed us to extract the information we intended to analyze from all the clinical databases (Associazione Medici Diabetologi Data File). Moreover, data from all participating centers were collected and centrally analyzed anonymously. All patients gave their informed consent, and internal approval was obtained by the Associazione Medici Diabetologi Annals scientific committee. [16] [17] [18] The current initiative includes measuring and monitoring glycated hemoglobin (HbA1c), BP, low-density lipoprotein cholesterol, total and high-density lipoprotein cholesterol, and triglycerides. The use of specific classes of drugs was also evaluated. Because normal ranges for HbA1c varied among centers, the percentage change with respect to the upper normal value (measured value/upper normal limit) was estimated and multiplied by 6.0 to allow comparisons among the centers. Kidney function was assessed by serum creatinine and urinary albumin excretion measurements. GFR was estimated for each patient using a standardized serum creatinine assay and the Chronic Kidney Disease Epidemiology Collaboration formula. 19 Increased urinary albumin excretion was diagnosed and defined as Alb if urinary albumin concentration was more than 30 mg/L, urinary albumin excretion rate was more than 20 mg/min, or urinary albumin-to-creatinine ratio was more than 2.5 mg/ mmol in men and more than 3.5 mg/mmol in women. At each participating center, all patients underwent physical examination and BP measurements according to a standardized protocol. BP was measured with the patient in the sitting position after a 5-minute rest, with a mercury sphygmomanometer. SBP and DBP were read to the nearest 2 mm Hg. Disappearance of Korotkoff sounds (phase V) was the criterion for DBP. Three measurements were taken at 2-minute intervals, and the average value was used to define clinical SBP and DBP. The main analysis was aimed at evaluating the association between aTRH, BP control (BPC), and renal outcome during the study. For each outcome, visits after the event occurrence were excluded from the BPC evaluation. The outcomes were: (1) eGFR less than 60 mL/min per 1.73 m 2 ; (2) a reduction ≥30% from baseline; and (3) a combination of either 1 of the above end points.
Definition of ATRH and BPC
We defined ATRH as SBP or DBP≥the BP goal while taking ≥3 antihypertensive medications, including a diuretic, or taking ≥4 antihypertensive medications, including a diuretic, regardless of BP values at baseline visit. The BP goal of <140/ 90 mm Hg used for this analysis is consistent with the recommended BP goal for patients with diabetes mellitus in recent guidelines. 20, 21 Time-updated BPC was defined as >75% of visits with SBP and DBP <140/90 mm Hg, whereas in secondary analyses time-updated mean SBP was examined as the average of all available SBP values before the occurrence of the end point, if any.
Statistical Analysis
Data are given as mean valuesAE SD; categorical variables are described as frequencies and percentages. Data were analyzed by mixed models with diabetes mellitus clinics fitted as random effect considering patients as clusters of observations to take into account possible differences across centers. Continuous variables were analyzed with a 
Results
Among the 64 893 patients evaluated annually over 4 years for arterial BP and eGFR and with a baseline classification for Alb, a confirmed past eGFR value above 60 mL/min, complete information about medications, and a diagnosis of hypertension, 29 923 patients have been selected for the present analyses ( Figure 1 ). Overall, the mean age was 65AE9 years, 57% of patients were men, and the mean duration of diabetes mellitus was 11AE8 years. The glycometabolic status of participants was fairly good, being the mean values of HbA1c and low-density lipoprotein cholesterol of 7.3AE1.3% and 110AE33 mg/dL, respectively. The average BP was 143AE17/81AE9 mm Hg, with 73% of patients showing either SBP or DBP values above 140/85 mm Hg at the baseline visit. Seventy-seven percent of patients were receiving antihypertensive treatment (with a mean of 1.6AE1.3 drugs per patient), and 65% were taking an angiotensin-converting enzyme inhibitor or an angiotensin II receptor antagonist. eGFR was 86AE13 mL/min per 1.73 m 2 , and 19.6% of patients had increased albuminuria ( Table 1) . The prevalence of aTRH was 16.6% (n=4989). The baseline characteristics of patients with and without aTRH are also detailed in Table 1 . Those with aTRH were more likely to be woman, older, with a longer duration of diabetes mellitus, and to have higher body mass index as compared with those without aTRH. On average, patients with aTRH had higher BP and HbA1c values and lower total, low-density, and highdensity lipoprotein cholesterol levels than those without aTRH. Moreover, the former group had lower eGFR, higher serum uric acid levels, and were more likely to have Alb and proliferative retinopathy. As expected, patients with aTRH were more likely to be prescribed antihypertensive treatment (especially with diuretics and renin-angiotensin-aldosterone system-inhibiting agents) and lipid-lowering treatment.
Over the 4-year study follow-up, 19% (n=5707) developed low eGFR, 12% (n=3551) an eGFR reduction ≥30% from baseline, and 21% (n=6422) a combination of either 1 of the above renal end points. Patients with aTRH showed a higher cumulative incidence for renal end point and increased risk of Baseline clinical features of patients grouped on the basis of achieved renal outcome within the study period are reported in Table 2 . On average, patients who went on to develop low eGFR, an eGFR reduction ≥30% from baseline, or either 1 of the renal end points showed a worse clinical and metabolic profile. They were older, with a longer duration of diabetes mellitus, were more likely to be woman, and to show albuminuria and proliferative retinopathy. Moreover, they had lower GFR values and higher serum uric acid, HbA1c levels, and BP values, with a greater prevalence of aTRH and similar BPC despite a greater prevalence of antihypertensive and insulin treatment.
BP changes during follow-up are shown in Figure 3 . Additional analyses explored the relationship between different hypertension categories on the basis of aTRH and time-updated BPC and renal outcomes. Individuals without BPC were more likely to be woman, were older, and with a longer duration of diabetes mellitus and higher body mass index as compared with those with persistent BPC independently of aTRH status (Table 3) . On average, patients without BPC had higher BP values and HbA1c and total, low-density, and high-density lipoprotein cholesterol levels than those with good BPC. Despite similar eGFR values, patients without persistent BPC were more likely to show serum uric acid in the top sex-specific quintile, Alb, and proliferative retinopathy. As expected, patients without BPC were less likely to be prescribed antihypertensive treatment (number of drugs 1.2AE1.0 versus 1.6AE0.9 for no aTRH; P<0.01; and 3.6AE0.8 When we performed a multivariate analysis, age, body mass index, low eGFR, presence of Alb and of proliferative retinopathy, worse lipid profile (suggestive of the insulin resistance state), and the prescription of insulin and antihypertensive treatment were significantly and independently associated with a greater risk of incident eGFR below 60 mL/ min and renal function worsening, as indicated in Table 4 . At variance, we found no independent relationship between known duration of diabetes mellitus, baseline HbA1c, and several treatments for cardiovascular protection, such as lipid-lowering treatment, renin-angiotensin-aldosterone system inhibition, or aspirin, and anyone of the renal end points taken into consideration in this generally well-treated study cohort ( Table 4) .
The relationship between aTRH, BPC, and future development of renal outcome was further investigated on the basis of sex and age. Results (Tables 5 through 10 ) substantially confirm main study findings and emphasize that renal risk is particularly elevated in older patients, and in those with aTRH reaching very low blood pressure values (ie, those with BPC).
Patients with aTRH showed an increased risk of developing low eGFR and eGFR reduction ≥30% from baseline as compared with those without aTRH. Furthermore, no association was found between BPC and renal outcome in nonaTRH, whereas in aTRH, BPC was associated with a 30% (P=0.036) greater risk to develop either 1 of the renal end points (Table 11) .
We investigated changes in eGFR along the 4 years of follow-up on the basis of aTRH and BPC. Associations between changes in eGFR and the presence of aTRH and/or BPC were examined using adjusted mean values of eGFR slope. The yearly mean eGFR slope was significantly higher for the aTRH patients as compared with those with no aTRH independently of BPC. Thus, whereas BPC seems to confer renal protection in patients without aTRH, those with aTRH with and without BPC showed a very similar yearly mean eGFR slope (Figure 4) .
The presence of Alb was associated with worse renal prognosis both in patients without aTRH (OR, 2.00; CI, 1.80-2.23; P<0.001) and in those with aTRH (OR, 1.67; CI, 1.38-2.02; P<0.001; Figure 5A ). Furthermore, in the absence of optimal BPC, the presence of Alb entailed greater incidence of low eGFR (Alb+/BPCÀ versus AlbÀ/BPCÀ; OR, 1.98; CI, 1.79-2.19; P<0.001), the unfavorable prognostic role of increased Alb at baseline was unchanged when BPC was obtained (Alb+/BPC+ versus AlbÀ/BPC+; OR, 1.71; CI, 1.34-2.18; P<0.001; Alb+/BPC+ versus ALB/BPCÀ; OR, 0.90; CI, 0.72-1.14; P=0.379; Figure 5B ).
When our data were evaluated on the basis of timeupdated mean SBP, it emerged that aTRH patients showed a greater risk of developing low eGFR as compared with nonaTRH patients over the entire range of BP ( Figure 6 ). Furthermore, whereas renal risk decreases along with BP reduction and reaches a nadir between 140 and 120 mm Hg, the achievement of lower SBP values entails a paradoxical increase in the incidence of GFR reduction, thereby confirming the existence of a J-curve relationship between SBP and renal function.
Discussion
Our study shows that, in a real-life clinical setting, in hypertensive T2D patients with normal renal function, the presence of aTRH entails a greater risk of developing CKD or a significant worsening of eGFR over a 4-year follow-up period. Furthermore, the achievement and maintenance of optimal BPC does not seem to be associated with renal protection over time.
Although several studies conducted on high-risk hypertensive patients have previously shown that aTRH entails a greater cardiovascular and mortality risk, 6, 10, 13 to date only 2 studies have investigated long-term renal outcome, namely the development of ESRD. 12, 22 In a secondary analysis of the ALLHAT (Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial) study, aTRH was associated with a 2-fold greater risk of ESRD, especially in the presence of diabetes mellitus even after adjustment for confounders such as baseline GFR values. 22 Similarly, Sim et al 12 in a retrospective analysis of the large Kaiser Permanente cohort of general hypertensive patients from southern California, reported a 30% greater risk of ESRD over a 5-year follow-up period in the subgroup of patients with RH. Both these studies, however, included a relevant proportion of patients with CKD at baseline. In fact, in the Kaiser Permanente cohort, up to 30% of patients had CKD at baseline and eGFR was, on average, 60 mL/min in the aTRH subgroup. Furthermore, results from the ALLHAT study have been questioned because of the specific intervention protocol and definition of RH.
In a further, retrospective, cohort study conducted on subjects with incident hypertension in a US Registry, those Blood pressure control (BPC) refers to the proportion of visits with systolic and diastolic blood pressure <140/90 mm Hg. For each renal outcome, visits after the event occurrence were excluded. Odds ratio for single renal outcome with 95% confidence interval (CI). Complete-case analysis including 10 614 women and 14 026 men for which all data were observed. ACE-Is indicates angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor antagonists; ATRH, apparent treatment resistant hypertension; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.
who went on to develop RH, after multivariate adjustment, were at higher risk for cardiovascular outcomes and for the development of stage 3 CKD as compared with those with non-RH over a 4-year follow-up.
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Our study is the first, to our knowledge, to investigate the impact of aTRH on the early stages of kidney damage in a high-renal-risk population of patients such as those with T2D and hypertension. The choice of intermediate, but wellestablished, end points such as the development of stage 3 CKD and a 30% reduction in eGFR, which have been shown to predict and precede progression to ESRD, 23, 24 allowed us to accurately investigate the onset of renal function impairment over the 4 years of study follow-up.
The prevalence and clinical characteristics of patients with aTRH we observed in the present study are comparable to what has been previously reported in similar high-risk groups. 25 Over the follow-up period, in our generally welltreated cohort, 19% of patients developed stage 3 CKD (ie, a eGFR value below 60 mL/min) and 12% showed a significant eGFR reduction (ie, ≥30%) from baseline. In patients with aTRH, the presence of a worse cardiovascular risk profile, namely older age, body mass index, a reduction in eGFR, a worse lipid profile, or the presence of Alb or proliferative retinopathy were independent predictors of worse renal outcome. Furthermore, the presence of aTRH entailed a faster decline in renal function over time, despite the Blood pressure control (BPC) refers to the proportion of visits with systolic and diastolic blood pressure <140/90 mm Hg. For each renal outcome, visits after the event occurrence were excluded. Odds ratio for single renal outcome with 95% confidence interval (CI). Complete-case analysis including 10 614 women and 14 026 men for which all data were observed. ACE-Is indicates angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor antagonists; ATRH, apparent treatment resistant hypertension; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.
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Journal of the American Heart Association achievement of recommended BP values ( Figure 4 ). As expected, the presence of Alb was associated with a greater risk of renal function loss in both aTRH and non-aTRH patients ( Figure 5A ). It has been proposed that the RH population has an adverse physiology and is therefore at greater risk for morbidity and mortality. Thus, pathogenetic mechanisms as well as clinical characteristics underlying the development of cardiovascular and renal events, including BP changes and therapeutic strategies, deserve better understanding given that this may lead to optimization of therapeutic strategies for BP reduction and comorbidities. 7 We sought to further categorize aTRH resistant hypertension on the basis of BPC. By looking at time-updated BPC, we were able to assess the impact of BP reduction and of the persistence of good BP values over time before each renal end point was reached, if any (Table 11) . Moreover, we found that the cumulative incidence of stage 3 CKD in patients with low Journal of the American Heart Association mean time-updated SBP (ie, <130 mm Hg) was greater than that observed in patients who achieved less-tight BP reduction independently of aTRH ( Figure 6 ). The subgroup of patients with tightly controlled hypertension not only had lower BP, but were also more likely to have a statin prescription and to have lower values of low-density lipoprotein cholesterol, a finding that makes low adherence to prescribed medications an unlikely explanation for worse renal outcomes.
Our results are in keeping with those reported by Egan et al, 15 who also found that tight control, as compared with usual, is associated with worse cardiovascular outcomes both in patients with and without aTRH. Along the same line, more recently, in a pooled retrospective analysis of the Ontarget/ Transcend database, 26 lowering BP to less than 130 mm Hg SBP was found to be associated with increased rates for cardiovascular events and mortality in patients at high cardiovascular risk. The relationship between BPC and renal outcome in aTRH has been, so far, investigated only in the analysis by Sim et al, who observed a 25% greater risk for ESRD in individuals with uncontrolled RH as compared with controlled RH, 12 a finding that seems to differ from those reported here.
In the Kaiser Permanente study, however, only baseline BP values were analyzed to assess the degree of BP control, Journal of the American Heart Association therefore assuming that once individuals are categorized at baseline, they remain so thorough the observation period; in contrast, our use of a dynamic indicator of BPC allowed us a more-powerful representation of a real-world clinical scenario. In fact, a significant proportion of patients (up to 20% in our database over the study period) could have been misclassified if analyzed only at baseline, given that both treatment and degree of BPC could change over time.
In the presence of Alb, a well-known independent predictor of unfavorable cardiovascular and renal prognosis in patients with T2D and hypertension, a more-ambitious target BP than the traditional 140/90 mm Hg has been proposed by some guidelines to convey greater renal protection. 1, 6 In our study, patients with Alb and BPC (ie, <140/90) showed similar renal prognosis as compared with those with less-tight BPC ( Figure 5B ). We performed further analyses to assess whether, in the presence of micro-or macro-Alb, achievement of very low BP values (ie, <130/ 80 mm Hg) were associated with better renal outcome. We found that patients with Alb with BP values below 130/80 in at least 75% of study visits showed a 31% incidence of stage 3 CKD as compared with 26% in those with less-tight BP, again suggesting the presence of a J-curve phenomenon, which may limit renal protection.
Thus, the presence of aTRH entails a greater renal risk in hypertensive patients with T2D as compared with non-aTRH patients. The achievement and maintenance of recommended BP values is associated with a worse renal prognosis even more so when time-updated SBP is lowered below 120 mm Hg, a condition that is associated with increased renal function loss even in non-aTRH patients.
Although the observational nature of our study does not allow us to infer causality from reported associations, the worse renal prognosis observed in patients with aTRH and BPC supports the existence of a J-curve phenomenon linking BP reduction and renal function.
Furthermore, we cannot rule out an unfavorable renal effect of renin-angiotensin-aldosterone system I in frail, highrisk patients as those with aTRH, where BP reduction was obtained using a greater load of antihypertensive drugs (Table 3) , in particular renin-angiotensin-aldosterone system I. In fact, it has recently been proposed that even mild GFR reduction after initiation of treatment with angiotensinconverting enzyme inhibitors or angiotensin II receptor antagonists might entail a worse renal prognosis in the long run, 27 at least in a specific subgroup of patients, an issue that is currently being investigated by specifically designed ongoing studies. 28 Our study has some limitations as well as several strengths that should be mentioned. Among the first ones, we must acknowledge that laboratory parameters, including serum creatinine, were not measured in a single, centralized laboratory and this may have led to some variability in GFR estimation. We did not gather information on specific dosage of antihypertensive medications prescribed to each patient to confirm diagnosis of aTRH. However, BP control significantly improved, on average, over the 4-year study period, suggesting an attempt toward a therapeutic strategy of up-titration to maximum tolerated dose. Furthermore, our data may not be applicable to the population with T2D and hypertension at large because the vast majority of participants were of white origin, and ethnicity has previously been shown to bear some impact on the risk of developing renal complications. 29 Finally, we did not have information on extrarenal complications, such as myocardial infarction and stroke, which may affect BP or renal function changes over time. On the other hand, the large size and homogeneous clinical characteristics of the study cohort, as well as the representative geographical distribution of the recruiting centers and the relatively long follow-up period, do contribute to make our results a reliable representation of real-life clinical condition. Moreover, at variance with several previous studies on the impact of RH on cardiovascular and renal outcomes, [10] [11] [12] [13] [14] [15] we used a very accurate definition of RH, which included the use of diuretics. Another strength of our work is the use of time-updated BP values as an indicator of achievement and maintenance of BPC over time.
Further studies are clearly needed to investigate the pathophysiological mechanism underlying the effect of BP reduction per se as well as different pharmacological strategies on renal outcome in high-risk hypertensive patients such as those with diabetes mellitus.
In conclusion, our large, real-life cohort study shows that in hypertensive patients with T2D, the presence of aTRH entails a significantly greater risk of developing CKD and/or a clinically relevant reduction in eGFR over a 4-year follow-up. Interestingly, the achievement and maintenance of optimal BP values are associated with worse renal outcome. The relationship between achieved BP and renal function seems to be J-shaped, at least at very low levels, with optimal SBP values between 120 and 140 mm Hg. Journal of the American Heart Association
